Abstract. Photooxidation products of biogenic volatile organic compounds, mainly isoprene and monoterpenes, are significant sources of atmospheric particulate matter in forested regions. The objectives of this study were to examine time series and diel variations of polar organic tracers for the photooxidation of isoprene and α-pinene to investigate whether they are linked with meteorological parameters or trace gases, and to determine their carbon contributions. In addition, the biogenic secondary organic carbon contributions from isoprene were estimated. PM 2.5 (particulate matter with an aerodynamic diameter <2.5 µm) aerosol samples were collected from forests in eastern China and compared with data from forested sites in Europe and America. Aerosol sampling was conducted at four sites located along a gradient of ecological succession in four different regions, i.e. Changbai Mountain Nature Reserve (boreal-temperate), Chongming National Forest Park (temperate), Dinghu Mountain Nature Reserve (subtropical) and Jianfengling Nature Reserve in Hainan (tropical) during summer periods when the meteorological conditions are believed to be favorable for photochemical processes. Fifty PM 2.5 samples were collected; eighteen organic compounds, organic carbon (OC), elemental carbon and trace gases were measured. Results indicate that the concentration trends of the secondary organic compounds reflected those of the trace gases and meteorological parameters. Very good correlations between the sum concentrations of isoprene oxidation products and atmoCorrespondence to: W. Wang (wangwu@shu.edu.cn) spheric SO 2 , O 3 , NO 2 , NO x , as well as CO 2 , at the Changbai site were found. The secondary OC due to isoprene was relatively high in tropical Hainan (0.27 µgC/m 3 ) where isoprene-emitting broadleaf species are dominant, but was comparable in boreal Changbai (0.32 µgC/m 3 ) where coniferous species are prevalent. The contribution of malic acid, which may have both biogenic and anthropogenic sources, to the OC mass was comparable at the four sites.
Introduction
Vegetation releases numerous volatile organic compounds (VOCs) into the atmosphere, particularly isoprene, monoterpenes, and sesquiterpenes, as well as a series of oxygencontaining compounds (Fehsenfeld et al., 1992; Sharkey and Yeh, 2001 ). Knowledge of the atmospheric fate of these biogenic VOCs (BVOCs) is important because of the large quantities emitted globally compared with those of anthropogenic VOCs as well as their high reactivity (Hoffmann et al., 1997; Griffin et al., 1999) . Secondary organic aerosol (SOA) is formed in the troposphere from the oxidation of BVOCs through reactions with ozone and OH or NO 3 radicals, where the resultant low-vapor-pressure oxidation products partition between the gas and aerosol phases or undergo further heterogeneous reactions in the aerosol phase (for a review, see Kanakidou et al., 2005) . SOA produced over forests has received considerable attention for different reasons: it impairs visibility and may affect climate by scattering and absorbing solar radiation and by serving as cloud condensation nuclei.
Published by Copernicus Publications on behalf of the European Geosciences Union. China is comparable in size to Europe; hence, the isoprene and monoterpene emissions from China's ecosystems may be nearly the same as those for Europe (Klinger et al., 2002) . So far, detailed organic speciation studies including oxidation products of isoprene and α-pinene have mainly been conducted for forested sites in Europe and America, e.g. Hungary (Ion et al., 2005) , Germany Böge et al., 2006; Kourtchev et al., 2008a) , Finland Kourtchev et al., 2008b) , the United States of America (USA) (Edney et al., 2005; Xia and Hopke, 2006; Cahill et al., 2006; Clements and Seinfeld, 2006; and Brazil (Schkolnik et al., 2005) . Information is available on the chemical composition of urban PM 2.5 organic aerosol from Beijing , Shanghai (Feng et al., 2006) , Nanjing , inland and east coastal China (Wang et al., 2007) , and 14 cities in China (Ho et al., 2007) . However, detailed organic composition studies on fine aerosol from forested sites in China are lacking, except for a very recent study carried out in Hong Kong (Hu et al., 2008) .
The objectives of the current study were to obtain insights into aerosol sources and source processes that lead to fine aerosol formation above Chinese forests, and to assess the biogenic secondary organic carbon (SOC) from isoprene. With regard to the latter contributions, estimates were made based on the measured SOA tracer concentrations and the laboratory-derived tracer mass fraction reported by Kleindienst et al. (2007) . Day-and night-time and also 24-h PM 2.5 aerosol samples were collected along latitude in boreal, temperate, subtropical, tropical ecosystems, during summer periods when the meteorological conditions are favorable for photochemical reactions of BVOCs. The concentrations of oxidation products of isoprene and α-pinene as well as of other marker compounds that provide information on aerosol sources, i.e. fungal spores (Lewis and Smith, 1967; Bieleski, 1982) (arabitol, mannitol) , plant pollen (Pacini, 2000) (glucose and fructose), wood combustion (Simoneit, 2002) (levoglucosan) , and the oxidation of unsaturated fatty acids (Kawamura and Ikushima, 1993; Yu et al., 2005) (malic acid), were measured. As regards to oxidation products of isoprene, the following marker compounds were included: 2-methyltetrols (2-methylthreitol and 2-methylerythritol), C 5 -alkene triols [2-methyl-1,3,4-trihydroxy-1-butene (cis and trans) and 3-methyl-2,3,4-trihydroxy-1-butene] and 2-methylglyceric acid. Both the 2-methyltetrols (Claeys et al., 2004a ) and the C 5 -alkene triols were first characterized in fine tropical rainforest aerosol collected from the Amazon basin, Brazil, while 2-methylglyceric acid was first reported in rural fine aerosol collected from a deciduous/coniferous forest site in K-puszta, Hungary (Claeys et al., 2004b) . In subsequent laboratory studies (Edney et al., 2005; Böge et al., 2006; Surratt et al., 2006) , it was confirmed that these compounds are formed from the photooxidation of isoprene. As regards to marker compounds for the photooxidation of α-pinene, pinic acid, norpinic acid, 3-hydroxyglutaric acid and 3-methyl-1,2,3-butanetricarboxylic acid were considered. These compounds have been reported in both field and smog chamber studies ; however, it is worth noting that the chemical structure of 3-methyl-1,2,3-butanetricarboxylic acid, which is believed to be a stable end-oxidation product formed through further oxidation of pinonic acid, was only recently elucidated .
Experimental section

Site descriptions and sample collection
Study sites were located in four forests in eastern China along the north latitude from 42 • to 18 • (see Fig. 1 The whole mountain area has an unsymmetrical circular distribution, which makes that the sampling site is situated in a rain forest basin. Therefore, the concentration of SOA from the photooxidation of isoprene is expected to be high at this site, unlike at coastal sites.
All sampling periods were selected taking into account the meteorological conditions and the maximum solar radiation, as well as high temperatures. The sampling periods were 23- For each site, two high-volume PM 2.5 air samplers (Graseby-Andersen) operated at a flow rate of 1.13 m 3 min −1 were used, one collected day-/night-time samples (06:30 to 18:00 for day-time, 18:30 to 06:00 for night-time sampling), while the other collected 24-h samples, except at Dinghu where only 24-h samples were obtained. Whatman quartz fiber filters of 20.3×25.4 cm were used. Blank filters were obtained in the same way as the samples except that the collection time was only 15 s. No aerosol collection was performed on rainy days. In total, 50 field samples and 12 blanks were obtained.
Meteorological parameters and trace gases
Meteorological parameters (i.e. temperature, wind speed, relative humidity, and altitude) were measured by a Kestrel 4000 Pocket Weather meter (Nielsen-Kelleman, USA). In the case of the Changbai site, measurements of O 3 , SO 2 , NO, NO 2 , NO x and CO 2 were performed simultaneously with Thermo Environmental Instruments: an ultraviolet light absorption O 3 analyzer (TEI 49C), a fluorescence SO 2 analyzer (TEI 43C), a chemiluminescence NO-NO 2 -NO x analyzer (TEI 42C) and a gas filter correlation analyzer (TEI, model 41C), respectively. The Shanghai Environmental Monitoring Center supplied concentrations of SO 2 , NO 2 and O 3 for the Chongming site.
Aerosol analysis
Filter samples were analyzed for OC and elemental carbon (EC) by a thermo-optical transmission (TOT) technique (Birch and Cary, 1996) . For analysis of polar organic compounds by gas chromatography/mass spectrometry (GC/MS), the samples were spiked with appropriate amounts of internal recovery standards (IS), i.e. 400 ng methyl-β-D-xylanopyranoside (MXP, Sigma) and 750 ng deuterated D 3 -malic acid (DMA, CDN isotopes, Canada), extracted with methanol, and derivatized with Nmethyl-N-trimethylsilyltrifluoroacetamide (MSTFA)+1% trimethylchlorosilane (TMCS) (Pierce) and anhydrous pyridine (2:1, v/v). Details about the sample workup procedure can be found in Kourtchev et al. (2008b) . The GC/MS instrument consisted of a Hewlett-Packard model 6890 gas chromatograph equipped with a DP-5MS (30 m×0.25 mm i.d., 0.25 µm film thickness), coupled to a Hewlett-Packard model 5975 MSD quadrupole analyzer. Data were acquired and processed with ChemStation software (Hewlett-Packard). The temperature program was as follows: initial temperature at 100 • C held for 2 min, a gradient of 3 • C min −1 up to 200 • C, held for 5 min, then 30 • C min −1 up to 310 • C, held for 2 min. The mass spectrometer was operated in the electron ionization mode at 70 eV and an ion source temperature of 200 • C. Full scan mode was used in the mass range m/z 50-650. Individual compounds were identified by comparison of mass spectra with those of authentic standards or literature data (Claeys et al., 2004a; Wang et al., 2004; Claeys et al., 2007) . Selected ion monitoring mode was used for quantitative analysis and ion dwell time was 100 ms. Base ion fragments of m/z 204 and 217 for MXP, levoglucosan and sugars, m/z 219 and 277 for 2-methyltetrols, m/z 231 for C 5 alkene triols, m/z 233 and 307 for malic acid, m/z 236 and 310 for DMA, m/z 217 and 319 for arabitol and mannitol, m/z 349 for glutaric acid and m/z 405 for 3-methyl-1,2,3-butanetricarboxylic acid were monitored. For quantitative analysis, calibration curves were constructed by using authentic standards that were processed as described above. For the quantification of compounds that no standards were available the response factors of the following surrogate compounds were used: erythritol for 2-methyltetrols and C 5 -alkene triols, pinic acid for norpinic acid, 2-hydroxyglutaric acid for 3-hydroxyglutaric acid, and 1,4-cyclohexanedicarboxylic acid for 3-methyl-1,2,3-butanetricarboxylic acid. 
Results and discussion
Figure 2 shows a typical total ion current GC/MS chromatogram for the 24-h sample collected on 5 August 2007 in Dinghu. It can be seen that intense peaks are detected for malic acid, 2-methylthreitol, 2-methylerythritol, 3-hydroxyglutaric acid, levoglucosan, arabitol, 3-methyl-1,2,3-butanetricarboxylic acid, fructose, mannitol and glucose. Small peaks corresponding to the other analytes could be visualized with extracted ion chromatography (not shown). A summary of the average concentrations and concentration ranges of OC, EC, organic compounds, and trace gases for 24-h, day-time and night-time PM 2.5 aerosol samples, and meteorological data for the four forest sites is listed in Table 1. . For the Changbai and Hainan sites where 12-h samples were collected, the day-time average concentration of the 2-methytetrols was 131 ng/m 3 and 60 ng/m 3 , while the corresponding night-time average concentration was 113 ng/m 3 and 50 ng/m 3 , respectively. This phenomenon can be regarded as evidence for the fast photochemical formation of 2-methyltetrols from locally emitted isoprene. Interestingly, the contributions of the 2-methyltetrols to the OC mass were quite comparable for the two sites despite the differences in the vegetation (i.e. for Changbai: 2.3% during day-time, 1.9% at night; for Hainan: 2.2% during day-time, 1.6% at night). This indicates that at both sites the highest contribution of the 2-methyltetrols to the OC mass was found during day-time. It is also noted that the highest 24-h average concentrations were found for these sites (Table 1) . The daytime maximum 2-methyltetrol concentration in Hainan was 86 ng/m 3 , while the night-time maximum was 92 ng/m 3 , corresponding to % contributions to the OC mass of 2.9% and 1.6%, respectively, which is in full agreement with the diel variation trend pointed out above. While the day-time average concentration of the 2-methyltetrols of 60 ng/m 3 for the tropical rain forest site Hainan is similar to the day-time concentration of 65 ng/m 3 in Balbina, Brazil (Claeys et al., 2004a) , the day-time average 2-methyltetrol concentration of 131 ng/m 3 in boreal-temperate Changbai is much higher than that of 15.7 ng/m 3 in boreal forest at Hyytiälä, Finland, during a 2005 summer period (Kourtchev et al., 2008b) . This also holds for the night-time 2-methyltetrol concentration, 113 ng/m 3 , which is much higher than the concentration of 10.3 ng/m 3 in Hyytiälä at night. This may be due to differences in latitude, vegetation types, leaf surface area and concentrations of trace gases in the atmosphere. The lower latitude of Changbai (42 • 24 N) compared to Hyytiälä (61 • 51 N) implies that there is more solar radiation and a higher temperature in Changbai (average 25.7 • C in Changbai, 15.9 • C in Hyytiälä, see Table 1 ). As to isoprene emissions from the vegetation, Yan et al. (2005) estimated that the annual biogenic isoprene emission is about 4.8 Tg C in whole China, and found that its spatial distribution corresponds with that of the vegetation. The highest annual emission flux exceeded 5000 kg C/km 2 in northeastern China, including Changbai Mountain, and in Hainan island (southeast). As to trace gases, the concentration of SO 2 , which is photooxidized to sulfuric acid and thought to be crucial in the formation of 2-methyltetrols, was 2.29 ppbv in Changbai compared to 0.04 ppbv in Hyytiälä. Therefore, the combined effects of higher isoprene emissions, higher photo-activity and higher concentrations of SO 2 may explain the fairly high maximum 2-methyltetrol concentration (282 ng/m 3 ) in Changbai during day-time.
Isoprene oxidation products
Furthermore, the C 5 -alkene triols, compounds related to the 2-methyltetrols, were also detected at the four study sites. Their diel variations roughly follow those of the 2-methyltetrols. Recently, C 5 -alkene triols and 2-methyltetrols were both reported to be generated from isoprene under low-NO x conditions and are believed to be formed through reaction of isoprene with the OH radical. In addition, the formation of C 5 -alkene triols was explained through rearrangement reactions of hydroxyhydroperoxy radicals that are formed in the initial photooxidation reaction of isoprene (Surratt et al., 2006) . The maximum sum concentration of the three C 5 -alkene triol isomers was 10 ng/m 3 and 19.3 ng/m 3 in Changbai and Hainan, respectively. The ratio of the concentrations of C 5 -alkene triols and 2-methyltetrols was 1:13 in Changbai versus 1:3 in Hainan. The highest ratio and highest concentrations of 2-methyltetrols were thus found for Changbai. A possible explanation for this observation is that different mechanisms may result in the formation of 2-methyltetrols; while the formation of 2-methyltetrols likely mainly involves low-NO x conditions (Surratt et al., 2006) at the tropical Hainan site, that at the more polluted Changbai site may also involve additional pathways such as sulfuric acid-catalyzed formation (Edney et al., 2005; Surratt et al., 2007b ) (see further discussion). 2-methylglyceric acid, another marker compound for the photooxidation of isoprene, was only found at very low concentrations in this study (Table 1) . The sum concentration of the 2-methyltetrols in 24-h samples from Changbai shows a good correlation with SO 2 (r 2 =0.9455) (Fig. 2) . In addition, 2-methyltetrols are well correlated with ozone (r 2 =0.982) during day-time, and with NO 2 (r 2 =0.9618) and NO x (r 2 =0.8805) at night. Similar results were obtained for the Chongming site (not shown, insufficient data points). The good correlation between the concentrations of the 2-methyltetrols and SO 2 (which is oxidized to sulfuric acid) is consistent with sulfuric acid playing a crucial role in the formation of the 2-methyltetrols (Edney et al., 2005; Surratt et al., 2007b) . It cannot be ruled out that part of the 2-methyltetrols were originally present in the samples as sulfate esters which are also known to occur in ambient aerosol; these sulfate ester derivatives will be measured as 2-methyltetrols with the derivatization GC/MS method employed in the present study (Surratt et al., 2007a (Surratt et al., , 2007b Gómez-González et al., 2008) .
As regards to the good correlation found for the concentrations of the 2-methyltetrols and NO 2 at night, a recent smog chamber study by Ng et al. (2008) demonstrated that nitrate derivatives of the 2-methyltetrols can be formed through night-time NO 3 radical chemistry; these nitrate derivatives will not be stable upon derivatization GC/MS and will also be measured as 2-methyltetrols. Interestingly, the day-time 2-methyltetrol concentrations show a reverse correlation with CO 2 (Fig. 3 ; r 2 =0.9467). A good correlation was found between the 2-methylthreitol and 2-methylerythritol concentrations for the four sites (the r 2 value for Changbai, Chongming, Dinghu and Hainan was 0.87, 0.94, 0.85 and 0.81, respectively) is consistent with their formation through the same aerosol source process, i.e. photooxidation of isoprene.
α-pinene oxidation products
The recently identified markers for SOA from the photooxidation of α-pinene, i.e. 3-hydroxyglutaric acid and 3-methyl-1,2,3-butanetricarboxylic acid, were detected in samples from the boreal-temperate Changbai site. It is noted that at this site the concentration of the α-pinene oxidation products is much lower than that of the isoprene oxidation products. The average 24-h concentrations of 3-hydroxyglutaric acid and 3-methyl-1,2,3-butanetricarboxylic acid were 17.2 ng/m 3 and 13.5 ng/m 3 , respectively, close to the values of 16.1 ng/m 3 and 13.5 ng/m 3 during July and August 2005 in Hyytiälä, Finland. In tropical Hainan, 3-methyl-1,2,3-butanetricarboxylic acid could only be detected in 24-h samples, while norpinic acid was found at a concentration of 5 ng/m 3 , lower than 22.2 ng/m 3 reported for the Finnish samples. The concentration of 3-hydroxyglutaric acid in Hainan was 2.4 ng/m 3 , again lower than Changbai (17.2 ng/m 3 ) and Finland (16.1 ng/m 3 ). These differences can for a part be explained by differences in the vegetation along latitude with isoprene-emitting species dominating in tropical regions and α-pinene-emitting species being prevalent in boreal regions. Pinic acid, a major photooxidation product of α-pinene in laboratory experiments, could only be detected at trace levels in all samples. In this respect, it is noted that low to rather high concentrations of pinic acid (range: 0.4-135 ng/m 3 ) have been reported in field studies conducted at European and USA sites, including Pertouli in Greece (Kavouras et al., 1999a) , Tábua in Portugal (Kavouras et al., 1999b) , Hyytiälä in Finland Kourtchev et al., 2008b) , the Blodgett forest in California, USA (Cahill et al., 2006) , * the compound was detectable in one sample, no concentration range was available.
-not detected, the detection limit was ∼50 pg/m 3 for pinic acid, ∼20 pg/m 3 for norpinic acid. # one night sample was collected due to rain at Chongming.
the Fichtel mountains in Germany , Kpuszta in Hungary , and Jülich in Germany (Kourtchev et al., 2008a) . At the Chongming site, only norpinic acid could be detected at low concentration (1.8 ng/m 3 ), while the relatively low sum concentration of isoprene oxidation products (4.7 ng/m 3 ) is probably due to isoprene emissions from surrounding orchards and less from coniferous water fir. No α-pinene oxidation products could be detected in subtropical Dinghu, which is not surprising since the vegetation mainly consists of isoprene-emitting broadleaf tree species.
Other identified compounds
In contrast to isoprene and α-pinene oxidation products, the concentrations of malic acid for Changbai, Chongming, Dinghu and Hainan were comparable, i.e. 43.5 ng/m 3 , 58.3 ng/m 3 , 24.9 ng/m 3 and 24.1 ng/m 3 , respectively, similar to 46 ng/m 3 in Hyytiälä, Finland , 39 ng/m 3 in K-puszta, Hungary (Ion et al., 2005) , 22 ng/m 3 in Balbina, Brazil (Claeys et al., 2004a) , and 39.1 ng/m 3 in Jülich, Germany (Kourtchev et al., 2008a latter sugar alcohols and sugars thus revealed substantial concentrations, as could be expected for ecosystems that are active during the considered periods.
3.4 Time series, OC/EC ratios, species attribution to OC, and secondary organic carbon contributions from isoprene Figure 4 shows time series for OC and the measured species, isoprene and α-pinene oxidation products, malic acid, mannitol and glucose, in Hainan. Isoprene oxidation products, mannitol (similar to arabitol) and glucose (similar to fructose) gave the same diel pattern with the highest concentration during day-time. Enhanced day-time isoprene oxidation products are consistent with the light-and temperaturedependent isoprene emission. Malic acid did not show day/night variations and followed closely the OC, indicating that its formation involves a longer time scale than that of isoprene oxidation products. Similar time series for the 2-methyltetrols, malic acid and mannitol have been reported for K-puszta, Hungary, during a 2003 summer period (Ion et al., 2005) . The higher OC/EC ratios (∼12) for Changbai and Hainan indicate pristine forest regions that are mainly influenced by biogenic emissions, while the lower OC/EC ratios (5-6) for Chongming and Dinghu can be explained by EC contributions from traffic exhaust or biomass combustion. It is noted that both Chongming and Dinghu are in densely populated regions that are heavily impacted by traffic. With regard to the Chongming site, we could also conclude that the site was affected by biomass combustion during the sampling period, since high concentrations of levoglucosan, a wood combustion tracer (Simoneit, 2002) , were measured (Table 1 ; average concentration 24-h samples, 143 ng/m 3 , range: 20-212 ng/m 3 ). In addition, the high OC concentrations (on average 9.9 µg/m 3 ) found for Chongming can also be attributed to biomass burning. Figure 5 shows the percentages of the OC attributable to the carbon in the organic compounds or groups of compounds for 24-h samples in Changbai, Chongming, Dinghu and Hainan. It can be seen that the OC attributable to isoprene SOA tracers is the highest in Changbai and Hainan (i.e. 0.49% and 0.91%), while that due to α-pinene tracers is the highest in Changbai (0.30%), as could be expected for a boreal forest site. The contributions of malic acid to the OC for the four sites were comparable, while those of the sugars and the sugar alcohols were also the highest for Changbai and Hainan, consistent with active forest ecosystems.
The secondary organic carbon (SOC) contributions from isoprene were estimated using measured tracer concentrations and the laboratory-derived tracer mass fraction (f soc ) of 0.155±0.039 reported by Kleindienst et al. (2007) . The same set of tracers for isoprene SOA (i.e. 2-methyltetrols and 2-methylglyceric acid) was used as those in the latter study. Using the tracer concentrations of the 24-h samples and the laboratory-derived f soc value, the SOC contributions from isoprene were estimated at 0.32 µgC/m 3 for Changbai, 0.03 µgC/m 3 for Chongming, 0.16 µgC/m 3 for Dinghu and 0.27 µgC/m 3 for Hainan. The highest SOC contributions from isoprene were thus found in tropical Hainan and boreal Changbai. With respect to the high value obtained for the boreal site, it is worth mentioning some coniferous species (e.g. Picea abies) are known to emit isoprene (Hakola et al., 2003) . These values are about a factor of 4 lower than those reported for Research Triangle Park, southern USA, during the summer of 2003 , but compare quite well with data that were recently reported for Hong Kong during a 2006 summer period (i.e. 0.20 µgC/m 3 on clean days and 0.46 µgC/m 3 on polluted days) (Hu et al., 2008) . It was not possible in the present work to determine the SOC contributions from α-pinene because not all tracers required to estimate this contribution were measured.
Conclusions
It can be concluded that all measured biogenic tracer compounds show significant concentrations in both Hainan and Changbai. Isoprene photooxidation is an important process for SOA formation with the average 24-h oxidation products of isoprene in Hainan and Changbai contributing 0.91% and 0.49% to the OC, and the SOC from isoprene estimated at 0.27 µgC/m 3 and 0.32 µgC/m 3 , respectively. The maximum carbon contribution of isoprene and α-pinene oxidation products to the OC was 2.4% (293 ng/m 3 , Changbai day-time) and 0.3% (41.3 ng/m 3 , Changbai night-time), respectively. For the boreal Changbai site, α-pinene oxidation products contribute 0.30% to the OC, which is the highest for the four sites. The large part of the organic compounds that were not extractable in methanol or not detectable by GC/MS such as oligomeric humic-like substances and biopolymeric material likely constitute a major fraction of the unidentified organic matter. More research is warranted to better characterize the latter large missing portion of the organic matter using analytical methodology that is complementary to GC/MS such as, for example, liquid chromatography/mass spectrometry with electrospray ionization detection. Considering that SO 2 emissions are quite high in China, it would be very worthwhile to measure organosulfates of isoprene and α-/β-pinene oxidation products that have only recently been reported (Surratt et al., 2007a Iinuma et al., 2007; Gómez-González et al., 2008) . In general, the chemical constituents of SOA and their concentrations depend on the vegetation area, plant species, meteorological conditions or trace gases. The correlation between SO 2 and isoprene oxidation products supports that sulfuric acid plays an important role in the formation of isoprene-related SOA.
